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Outline of this talk

 Casimir-Polder forces within scattering theory

 Cold atoms for probing geometry effects on CP forces

 Review of theory and experiment on Casimir 
atom-surface interactions 

 Localization of matter waves induced by disordered CP   
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The Casimir-Polder force
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The Casimir-Polder force

vdW - CP interaction Casimir and Polder (1948)

The interaction energy between a ground-state atom 
and a surface is given by

UCP(RA) =
h̄

c2ε0

∫
∞

0

dξ

2π
ξ2α(iξ) TrG(RA,RA, iξ)

Atomic polarizability:

Scattering Green tensor:

α(ω) = lim
ε→0

2

3h̄

∑

k

ωk0|d0k|2

ω2
k0

− ω2 − iωε

RA

(

∇×∇×−
ω2

c2
ε(r, ω)

)

G(r, r′, ω) = δ(r − r
′)
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The Casimir-Polder force
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zA ! λA zA ! λANon-retarded (vdW) limit  Retarded (CP) limit

Eg: Ground-state atom near planar surface @ T=0
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8πε0
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Modern CP experiments

 Deflection of atoms

Hinds et al (1993)

 Classical/quantum reflection

Aspect et al (1996) Ketterle et al (2006)

 BEC oscillator Cornell et al (2007)
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CP within scattering theory
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CP within scattering theory

h(x,y)
←

Ep′ (k′
, ω)

→

Ep (k, ω)

→

Ep (k, ω) =

∫
d2k′

(2π)2

∑
p′

〈k, p|R(ω)|k′, p′〉
←

Ep′ (k′, ω)

Input and output fields related via reflection operators

→

E (R, ω) =

∫
d2k

(2π)2
e−ik·r

→

E (k, z, ω)

→

E (k, z, ω) = [
→

ETE (k, ω) ε̂+TE(k)+
→

ETM (k, ω) ε̂+TM(k)] eikzz

ε̂
+
TE(k) = z × k ε̂

+
TM(k) = ε̂

+
TE(k) × K (K = k + kzz)

z

x

y

Casimir-Polder force:

UCP(RA) =
h̄

c2ε0

∫
∞

0

dξ

2π
ξ2α(iξ)

∫
d2k

(2π)2

∫
d2k′

(2π)2
ei(k−k

′)·rAe−(κ+κ′)zA
1

2κ′

∑
p,p′

ε̂+p (k)·ε̂−p′(k′) Rp,p′(k,k′)

κ ≡

√

ξ2/c2 + k2with and Rp,p′(k,k′) dependent on material properties at freq. iξ

Output fields:

Input fields: idem with kz → −kz
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Specular/non specular scattering

〈k, p|R(0)|k′, p′〉 = (2π)2δ(2)(k − k
′) δp,p′ rp(k, ξ)

h(x,y)

In order to treat a general rough or 
co r ru g a t ed s u r f a c e , we make a 
perturbative expansion in powers of h(x,y) 

 Specular reflection:

rTE =
κ − κt

κ + κt

rTM =
ε(iξ)κ − κt

ε(iξ)κ + κt

(κt =
√

ε(iξ)ξ2/c2 + k2)Fresnel coefficients

 Non-specular reflection:

〈k, p|R(1)|k′, p′〉 = Rp,p′(k,k′) H(k − k
′) Fourier transform of h(x,y)

The non-specular reflection matrices depend on the geometry and material properties.

R = R(0) +R(1) +R(2) + . . .
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Probing geometry effects
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Probing geometry effects

UCP = U
(0)
CP(zA) + U

(1)
CP(zA, xA)

 Normal CP force: U
(0)
CP(zA) =

h̄

c2ε0

∫
∞

0

dξ

2π
ξ2α(iξ)

∫
d2k

(2π)2
1

2κ

∑
p

ε̂+p · ε̂−p rp(k, ξ) e−2κzA

 Lateral CP force: U
(1)
CP(zA, xA) =

∫
d2k

(2π)2
eik·rA g(k, zA) H(k)

Response function g: g(k, zA) =
h̄

c2ε0

∫
∞

0

dξ

2π
ξ2α(iξ)

∫
d2k′

(2π)2
ak′,k′−k(zA, ξ)

ak′,k′′ =
∑

p′,p′′

ε̂+
p′ · ε̂

−

p′′

e−(κ′+κ”)zA

2κ′′
Rp′,p′′(k′,k′′)

FL

FNzA
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BEC as a “cantilever”

CM

  In order to measure the lateral component              , a cigar-shaped BEC could 
be trapped parallel to the corrugation lines, and the lateral dipolar oscillation  
measured as a function of time

U
(1)
CP(x, z)

Dalvit et al (PRL 2008)

 Mean field BEC dynamics given by the Gross-Pitaevskii 
equation for the condensate wave-function ϕ
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BEC Bragg spectroscopy

EB(q) =
�

(�2q2/2m)(�2q2/2m + 2µ̃)

E(q) = EB(q) + δECP(q)

CP opens energy gaps

  The CP interaction also modifies the 
Bogoliubov spectrum of quantum fluctuations 

Moreno et al (NJP 2009)

  Two-photon Bragg spectroscopy to measure the 
dynamic structure factor, and hence the spectrum

dPX

dt
= −mω2

xX +
�

n

UL(nkc) sin(nkcX)

+
N�qV 2

B

2

�
dω�[S(q, ω�)− S(−q,−ω�)]

sin(ω − ω�)t
ω − ω�

S → S + δSCP(q, ω)
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Disorder in quantum vacuum
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Localization of matter waves
  Waves propagating in disordered potentials undergo multiple scattering processes 

that strongly affect their usual diffusive transport and can result in localized states.

 Recently localization of a 1D BEC has been observed: in a speckle potential (Aspect 
group, 2008) and in a bi-chromatic optical potential (Inguscio group, 2008)
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CP for rough surface
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BEC dynamics + weak disorder

 GP equation

short-times: interactions dominant, disorder negligible

large-times: disorder dominant, interactions negligible

 Weak disorder: VR(z0)� µ
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CP disorder correlation

γ(k) =
m

4�2Ek

� ∞

−∞
C(x) cos(2kx)dx Ek = �2k2/2m
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CP-induced localization

N = 100 87Rb atoms
σ = 0.25µm

LTF = 35µm

z0 = 1.5µm z0 = 1.0µm
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